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(57) ABSTRACT

A threshold table (3) has stored therein thresholds for classi-

tying gradation values, and the gradation values are classified
into a plurality of gradation sections 1n accordance with the
thresholds. A look-up table (2) has stored therein differential
gradation values corresponding to combinations of gradation
section values for data concerning the current frame data and
gradation section values for data concerning an immediately
preceding frame. A frame memory (21) has stored therein
gradation section values for pixels. A control circuit (22)

refers to the look-up table (2) and the threshold table (3) to
calculate a differential gradation value based on a gradation
value indicated by image data (DAT) for the current frame and
a gradation section value of previous frame data stored 1n the
frame memory (21). A display data calculation circuit (23)
calculates an applied gradation value for the current frame
data based on the differential gradation value.

6 Claims, 11 Drawing Sheets
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DISPLAY APPARATUS INCLUDING A
DRIVER USING A LOOKUP TABLE

TECHNICAL FIELD

The present 1invention relates to display devices, and par-
ticularly to a liquid crystal display device in which overshoot
drive 1s performed 1n order to suppress poor moving 1mages
from being displayed due to low response speed of liquid
crystals.

BACKGROUND ART

In recent years, there has been strong demand for lighter
and thinner displays for personal computers, television sets
and the like, and therefore liquid crystal display devices,
which readily meet such demand for lighter and thinner dis-
plays, have been increasingly employed. However, the liquid
crystals are slow 1n response speed, and therefore 1n the case
of displaying moving images on the liquid crystal display
device, 1t might not be possible to obtain satisfactory image
quality. Accordingly, a drive system called “overshoot drive”
has been conventionally employed in order to suppress mov-
ing images from being displayed in low quality due to the low
response speed of the liquid crystals. The overshoot drive 1s a
drive system 1n which a drive voltage higher or lower than a
predetermined gradation voltage that corresponds to an
image signal for the current frame 1s supplied to a liqud
crystal display panel 1n accordance with a combination of an
image signal for the immediately preceding frame and the
image signal for the current frame. By employing the over-
shoot drive, a time period required for reaching the predeter-
mined gradation voltage that corresponds to the image signal
for the current frame 1s shortened, so that the moving images
on the liquid crystal display device are suppressed from being
displayed in low quality.

In the liquid crystal display device employing the over-
shoot drive, a look-up table as described below 1s held, such
that a drive voltage 1s determined 1n accordance with a com-
bination of a gradation value that corresponds to the image
signal for the immediately preceding frame (hereinafter,
referred to as the “prior gradation value”) and a gradation
value that corresponds to the image signal for the current
frame (hereinafter, referred to as the “posterior gradation
value™). FIG. 11 1s a diagram schematically illustrating the
contents of a conventional look-up table held in a liquid
crystal display device capable of 256-gradation display. In
FIG. 11, numerical values shown 1n the leftmost column
indicate prior gradation values, and numerical values shown
in the uppermost row indicate posterior gradation values.
Furthermore, numerical wvalues shown at intersections
between the rows and columns indicate gradation values
(heremaftter, referred to as the “applied gradation values™)
corresponding to drive voltages, which are determined 1n
accordance with combinations of their respective prior gra-
dation values and posterior gradation values. For example,
when the prior gradation value 1s “64” and the posterior
gradation value1s “128”, the applied gradation value 1s “155”.
Note that FIG. 11 shows only nine typical examples of 256
gradation values for each of the prior gradation value and the
posterior gradation value.

Incidentally, 1n the case of the 256-gradation display, there
are 65,536 (=256x256) combinations of the prior gradation
value and the posterior gradation value. Accordingly, 65,536
applied gradation values have to be stored in the look-up
table. In other words, 1n order to configure the look-up table,
a memory capacity capable of storing the 65,536 applied
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gradation values 1s required. Also, the number of bits required
for representing each of the 256 gradations 1s eight. There-
fore, eight bits are required for each of the 65,536 applied
gradation values.

In addition, as described above, 1n the case of performing
the overshoot drive, the applied gradation value 1s determined
in accordance with a combination of the prior gradation value
and the posterior gradation value with reference to the look-
up table. Accordingly, the prior gradation value has to be held
for each pixel 1in a frame. Therefore, the liquid crystal display
device employing the overshoot drive 1s provided with a
memory device, such as a RAM (Random Access Memory),
which 1s called the “frame memory™, in order to hold the prior
gradation value for each pixel in the frame. For example, 1n
the case of a liquid crystal display device with 480 scanning
signal lines and 640 video signal lines, the number of pixels 1s
307,200 (=480x640). Since the number of bits (b1t number)
required for representing each of the 256 gradations 1s eight,
eight bits are required for each prior gradation value for the
307,200 pixels.

As such, i order to determine the applied gradation value
in accordance with a combination of the prior gradation value
and the posterior gradation value, the liquid crystal display
device employing the overshoot drive requires the above-
described look-up table and frame memory. However, recent
years have seen an increase i demand for more compact
mobile terminal devices such as cell phones, and in order to
realize further compactness, 1t 1s necessary to achieve a reduc-
tion in required memory capacity.

Therefore, Japanese Laid-Open Patent Publication No.
2004-4629 discloses a liquid crystal display device with
reduced memory capacity for the look-up table. FI1G. 12 1s a
diagram schematically illustrating the contents of the look-up
table held 1n the liquid crystal display device. For each of the
prior gradation value and the posterior gradation value, only
nine of 256 gradation values are stored 1n the look-up table.
As shown i FIG. 12, the applied gradation value 1s stored in
the look-up table 1 association with each combination of the
nine prior gradation values and the mine posterior gradation
values. That 1s, the number of applied gradation-values stored
in the look-up table 1s 81 (=9x9).

In the case, for example, where the prior gradation value 1s
“128”, and the posterior gradation value 1s “192”, the applied
gradation value 1s determined as “203” according to the look-
up table. On the other hand, 1n the case, for example, where
the prior gradation value 1s “16”, and the posterior gradation
value 1s “807, the applied gradation value cannot be deter-
mined directly from the values stored 1n the look-up table. In
such a case, the applied gradation value 1s determined by
interpolation calculation based on applied gradation values
obtained 1n the cases where: the prior gradation value 1s “0”
and the posterior gradation value 1s “64”"; the prior gradation
value 1s “0”” and the posterior gradation value 1s “96”; the prior
gradation value 1s “32” and the posterior gradation value 1s
“64”; and the prior gradation value 1s “32” and the posterior
gradation value 1s “96”. In this manner, by calculating the
applied gradation value by interpolation calculation, 1t
becomes possible to reduce the memory capacity required for
the look-up table.

In addition, Japanese Laid-Open Patent Publication No.
2004-109796 discloses a liquid crystal display device 1n
which the applied gradation value 1s determined based on the
upper four bits of the prior gradation value corresponding to
the image signal for the immediately preceding frame stored
in the frame memory and the upper four bits of the posterior
gradation value corresponding to the image signal for the
current frame. According to this liquid crystal display device,
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the look-up table holds values, each of which indicates a

corresponding one of 16 sections 1nto which the 256 grada-

tion values are classified, instead of holding the prior grada-

tion values and the posterior gradation values. In addition, the

number of applied gradation values stored 1n the look-up table

1s 256.

| Patent Document 1] Japanese Laid-Open Patent Publication
No. 2004-4629

| Patent Document 2] Japanese Laid-Open Patent Publication
No. 2004-109796

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

However, 1n the atorementioned case where the gradation
values are classified according to their upper bits, it 1snoteasy
to determine the applied gradation value. In addition, even i1
the overshoot drive 1s performed based on the applied grada-
tion value determined according to such a look-up table, 1t 1s
not always suitable for response characteristics of the liquid
crystals. Accordingly, while the memory capacity required
tor the look-up table can be reduced, the reduction 1n 1mage
quality might not always be satisfactorily suppressed.

Therefore, an objective of the present mvention 1s to pro-
vide a liquid crystal display device that can be more compact

in size while being capable of suppressing moving images
from being displayed in low quality.

Means for Solving the Problems

A first aspect of the present mvention 1s directed to a
display device including: a display unit for displaying an
image with a plurality of gradations; a plurality of video
signal lines for displaying the image on the display umit; and
an applied gradation value determination unmit for determining
an applied gradation value to generate a video signal that is to
be applied to the video signal lines, the applied gradation
value being determined in accordance with an externally
inputted first image signal, and a second 1mage signal exter-
nally inputted one frame period previous to the first image
signal, the one frame period being a period of time 1n which
one screen 1mage 1s displayed,

wherein the device further comprises an applied gradation
value determination table having stored therein first input
values, second 1input values, and output values corresponding,
to combinations of the first input values and the second input
values,

wherein 1n the applied gradation value determination table,
as the first input values, a plurality of gradation values indi-
cating the plurality of gradations are stored and, as the second
input values, a plurality of gradation section values, which
indicate a plurality of gradation sections determined by clas-
siiying the gradation values in accordance with one or more
thresholds, are stored, each gradation section being com-
posed of one or more gradation values, and

wherein the applied gradation value determination unit
obtains output values corresponding to a combination of the
gradation values as the first input values, the first input values
being corresponding to the first image signal, and the grada-
tion section values as the second input values, the second
input values indicating gradation sections in which gradation
values corresponding to the second 1image signal are included,
in accordance with the applied gradation value determination
table, and determines the applied gradation values 1n accor-
dance with the output values.
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In a second aspect of the present invention, based on the
first aspect of the invention, the plurality of gradation section

values, instead of the plurality of gradation values, are stored
in the applied gradation value determination table as the first
input values, and the applied gradation value determination
unit obtains output values corresponding to a combination of
the gradation section values as the first input values, the first
input values indicating gradation sections 1n which gradation
values corresponding to the first image signal are included,
and the gradation section values as the second mput values,
the second imnput values indicating gradation sections in which
gradation values corresponding to the second image signal
are ncluded, 1n accordance with the applied gradation value
determination table, and determines the applied gradation
values 1n accordance with the output values.

In a third aspect of the present invention, based on the first
aspect of the invention, a frame data storage unit for storing
data corresponding to the one screen 1mage 1s further
included, the frame data storage unit has stored therein gra-
dation section values for the one screen image, and the
applied gradation value determination unit, when determin-
ing the applied gradation value, obtains a gradation section
value as the second input value from the frame data storage
umt, and stores to the frame data storage unit a gradation
section value indicating a gradation section 1n which a gra-
dation value corresponding to the first image signal 1s
included.

In a fourth aspect of the present invention, based on the first
aspect of the mnvention, a gradation section setting table hav-
ing stored therein the plurality of gradation section values and
the thresholds 1s further included, the plurality of gradation
values are classified 1into the plurality of gradation sections in
accordance with the gradation section setting table, and the
applied gradation value determination unit determines for
cach gradation value which one of the gradation sections
includes the gradation value, 1n accordance with the gradation
section setting table.

In a fifth aspect of the present invention, based on the fourth
aspect of the invention, the applied gradation value determi-
nation table and the gradation section setting table are stored
in a nonvolatile memory.

In a sixth aspect of the present invention, based on the first
aspect of the mvention, the applied gradation value determi-
nation unit calculates the applied gradation value by adding
the output value to the gradation value corresponding to the
first image signal.

Advantages of the Invention

According to the first aspect of the invention, the applied
gradation value determination table has stored therein a plu-
rality of gradation values, a plurality of gradation section
values 1indicating a plurality of gradation sections into which
the gradation values are classified 1n accordance with one or
more thresholds, and output values corresponding to combi-
nations of the gradation values and the gradation section
values. Therefore, the quantity of data that are to be stored can
be significantly reduced compared to conventional applied
gradation value determination tables 1n which the gradation
values are not classified into a plurality of gradation sections.
Thus, the required memory capacity can be reduced, making
it possible to reduce the size of display devices more easily
than in the conventional art.

According to the second aspect of the invention, the
applied gradation value determination table has stored therein
gradation section values that are to be correlated with exter-
nally inputted image signals, gradation section values that are
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to be correlated with an 1mage signal inputted one frame
carlier, and output values corresponding to combinations of
the two types of gradation section values. Therefore, the
quantity of data that is to be stored in the applied gradation
value determination table can be reduced more than 1n the first
aspect of the invention. Thus, 1t 1s possible to further reduce
the size of the display devices.

According to the third aspect of the invention, the frame
data storage unit has stored therein gradation section values
for one screen 1image. Therelore, the size of data that 1s to be
stored can be smaller than those in conventional frame data
storage units in which gradation values for one screen 1mage
are stored. Thus, the required memory capacity can be
reduced, making it possible to reduce the size of the display
devices.

According to the fourth aspect of the invention, the grada-
tion section setting table 1s provided 1n order to classity the
gradation values 1nto a plurality of gradation sections. There-
fore, 1t 1s possible to readily set and change the gradation
values included 1n each gradation section.

According to the fifth aspect of the invention, the applied
gradation value determination table and the gradation section
setting table are stored 1n a nonvolatile memory. Therefore,
even when the display device 1s turned off, the contents of the
applied gradation value determination table and the gradation

section setting table are maintained. Thus, 1t 1s possible to
climinate the need to write data to the tables each time the
display device 1s activated.

According to the sixth aspect of the invention, the applied
gradation value 1s calculated by adding an output value
obtained from the applied gradation value determination
table to a gradation value corresponding to an externally
inputted 1mage signal. Therefore, 1t 1s possible to suppress
moving 1mages from being displayed in low quality due to
low response speed of liquid crystals. Thus, 1t 1s possible to
reduce the size of the display devices while suppressing
image quality deterioration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating the overall configu-
ration of an active matrix-type liquid crystal display device
according to one embodiment of the present invention.

FI1G. 2 1s a block diagram 1llustrating 1n detail the configu-
ration of a display control circuit in the embodiment.

FIG. 3 1s a diagram for explaining the differences between
posterior gradation values and applied gradation values 1n the
conventional art.

FIG. 4 1s a diagram for explaining differential gradation
values.

FIG. 5 1s a diagram for explaining the gradation section
values.

FIG. 6 1s a diagram 1illustrating a look-up table i the
embodiment.

FIG. 7 1s a diagram 1llustrating a threshold table in the
embodiment.

FIG. 8 A 1s a schematic representation of the contents of a
conventional frame memory. B 1s a schematic representation
of the contents of a frame memory 1n the embodiment.

FIG. 9 1s a flowchart illustrating the procedure in the
embodiment, from receiving of 1image data to outputting of a
digital video signal.

FI1G. 10 1s a diagram illustrating a look-up table 1n a variant
of the embodiment.

FIG. 11 1s a diagram 1illustrating an exemplary conven-
tional look-up table.
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FIG. 12 1s a diagram 1illustrating another exemplary con-
ventional look-up table.

LEGEND

2 look-up table

3 threshold table

20 nonvolatile memory

21 frame memory

22 control circuit

23 display data calculation circuit
200 display control circuit

300 source driver

400 gate driver

500 display unit

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

Heremaiter, an embodiment of the present mvention waill
be described with reference to the accompanying drawings.

<1. Overall Configuration and Operation of the Liquid
Crystal Display Device>

FIG. 1 15 a block diagram illustrating the overall configu-
ration of an active matrix-type liquid crystal display device
according to a first embodiment of the present invention. The
liquid crystal display device includes a display control circuit
200, a source driver (video signal line drive circuit) 300, a gate
driver (scanning signal line drive circuit) 400, and a display
unit 500. The display unit 500 includes a plurality (n) of video
signal lines SLL1-SLn, a plurality (m) of scanning signal lines
GL1-GLm, and a plurality (nxm) of pixel forming portions
provided at their corresponding intersections between the
video signal lines SLL1-SLn and the scanning signal lines
GL1-GLm. Each pixel forming portion 1s composed of: a
TFT 10, which 1s a switching element having a gate terminal
connected to the scanning signal line passing through the
corresponding intersection and a source terminal connected
to the video signal line passing through the same intersection;
a pixel electrode connected to a drain terminal of the TFT 10;
and a liquid crystal layer commonly provided in the pixel
forming portions and disposed between the pixel electrode
and a common electrode Ec. In addition, a capacitance
formed by the pixel electrode and the common electrode Ec
constitutes a pixel capacitance Cp. Furthermore, each pixel
forming portion corresponds to one pixel 1n a displayed
image, and a gradation level 1s determined for each pixel. In
the present embodiment, 1t 1s assumed that 256-gradation
display 1s provided. Note that a gradation value determined
for each pixel 1s also referred to below as the “pixel gradation
value”.

The display control circuit 200 receives image data DAT
and a timing control signal T'S, which are externally transmiut-
ted, and outputs a digital video signal DV, while outputting a
source start pulse signal SSP, a source clock signal SCK, a
latch strobe signal LS, a gate start pulse signal GSP, and a gate
clock signal GCK, which are for controlling the timing of
displaying an 1image on the display unit 500, and a common
clectrode drive signal VC for driving the common electrode
Ec.

The source driver 300 receives the digital video signal DV,
the source start pulse signal SSP, the source clock signal SCK,
and the latch strobe signal LS, which are outputted from the
display control circuit 200, and applies a drive video signal to
cach of the video signal lines SLL1-SLn 1n order to charge the
pixel capacitance of each pixel forming portion in the display

unit 500. In this case, the source driver 300 sequentially holds
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the digital video signal DV representing a voltage to be
applied to each of the video signal lines SL1-SLn, in accor-
dance with the timing of generating pulses of the source clock
signal SCK. Thereafter, the digital video signal DV being
held 1s converted 1nto an analog voltage 1n accordance with
the timing of generating pulses of the latch strobe signal LS,
and the resultant voltage 1s simultaneously applied to all the
video signal lines SL1-SLn as the drive video signal. In order
to sequentially select each of the scanning signal lines GL1-
GLm for one horizontal scanning period, the gate driver 400
repeatedly applies an active scanning signal to each scanning,
signal line 1n cycles of one vertical scanning period 1n accor-
dance with the gate start pulse signal GSP and the gate clock
signal GCK, which are outputted from the display control
circuit 200. In this manner, the drive video signal 1s applied to
cach of the video signal lines SLL1-SLn, and the scanning
signal 1s applied to each of the scanning signal lines GL1-
GLm, so that the image 1s displayed on the display unit 500.

<2. Configuration and Operation of the Display Control
Circuit>

FI1G. 2 1s a block diagram illustrating the configuration of
the display control circuit 200 in the present embodiment.
The display control circuit 200 includes: a nonvolatile
memory 20; a frame memory 21 as a frame data storage unait;
a control circuit 22; a display data calculation circuit 23; a
timing generator 24; and a common electrode drive circuit 25.

The nonvolatile memory 20 holds a look-up table 2 as a
table for determining the applied gradation value, and a
threshold table 3 as a table for setting the gradation sections.
The look-up table 2 1s a table for determining a drive voltage
for performing the overshoot drive 1n accordance with exter-
nally transmitted image data DAT for the current frame and
image data DAT for the frame immediately preceding the
current frame. The threshold table 3 1s a table for storing
gradation value thresholds to classify 256 gradation values.
Note that the look-up table 2 and the threshold table 3 will be
described in detail later. The frame memory 21 holds grada-
tion section values to be described later, which are each deter-
mined 1n accordance with a pixel gradation value, 1n relation
to 1image data DAT for one frame.

The control circuit 22 receives the externally transmitted
image data DAT, and controls operations of the display data
calculation circuit 23, the timing generator 24 and the com-
mon electrode drive circuit 235, such that an 1image based on
the image data DAT 1s displayed on the display unit 500. At
this time, the control circuit 22 refers to the look-up table 2
and the threshold table 3 stored 1n the nonvolatile memory 20,
and controls the operation of the display data calculatlon
circuit 23 1n accordance with the image data DAT, and data
stored 1n the frame memory 21 regarding the immediately
preceding frame. The display data calculation circuit 23 cal-
culates an applied gradation value for generating a drive
voltage for performing the overshoot drive, and outputs the
applied gradation value as the digital video signal DV. The
timing generator 24 outputs the source start pulse signal SSP,
the source clock signal SCK and the latch strobe signal LS in
order to control the operation of the source driver 300, while
outputting the gate start pulse signal GSP and the gate clock
signal GCK 1n order to control the operation of the gate driver
400. The common electrode drive circuit 25 outputs the com-
mon electrode drive signal VC 1n order to drive the common
clectrode Ec. Note that an applied gradation value determi-
nation unit 1s implemented by the control circuit 22 and the

display data calculation circuit 23.
<3. Look-Up Table>
Referring to FIGS. 3 to 6 and FIG. 11, the look-up table 2

in the present embodiment will be described next. FIG. 3 1s a
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diagram for explaining the difference between the posterior
gradation value and the applied gradation value 1n the con-
ventional art (hereimnafter, referred to as the “differential gra-
dation value™). Note that FIG. 3 1s configured based on the
look-up table 2 shown in FIG. 11. Here, the differential gra-
dation value refers to a gradation value added to the posterior
gradation value, which 1s an originally targeted gradation
value, 1n order to shorten the time period until the voltage
corresponding to the posterior gradation value 1s applied to
the liquid crystals. An example will be given, where the prior
gradation value 1s “32” and the posterior gradation value 1s
“128”. In this case, as shown 1n FIG. 11, the applied gradation
value 1s “176”. At this time, the value obtained by subtracting
the posterior gradation value from the applied gradation value
1s “48”. Accordingly, in the case where the prior gradation
value 1s “32” and the posterior gradation value 1s “128”, the
differential gradation value 1s “48” Also, in the case where the
prior gradation value 1s “160” and the posterior gradation
value 15 “64”, the applied gradation value 1s “20” as shown 1n
FIG. 11, and therefore the differential gradation value 1s
“—44”. Reterring to FIG. 3 thus configured, a discussion will
be held on the tendency of the differential gradation value
determined based on the prior gradation value and the poste-
rior gradation value. As shown in FIG. 3, the differential
gradation values corresponding to their respective posterior
gradation values 1n the case of the prior gradation value “64”
are relatively close to their counterpart differential gradation
values corresponding to their respective posterior gradation
values 1n the case of the prior gradation value “96”. Similarly,
differential gradation values corresponding to their respective
posterior gradation values 1n the case of the prior gradation
value “128” are relatively close to their counter part differen-
tial gradation values corresponding to their respective poste-
rior gradation values 1n the case of the prior gradation value
“160”. Also, differential gradation values corresponding to
their respective posterior gradation values 1n the case of the
prior gradation value “192” are relatively close to their coun-
terpart differential gradation values corresponding their
respective posterior gradation values 1n the case of the prior
gradation value “224”. In consideration of the foregoing, 1t 1s
conceilvable that even when the applied gradation value 1s
determined based on the differential gradation value shown
in, for example, FI1G. 4, for each combination of the prior
gradation value and the posterior gradation value, substan-
tially the same effect can be achieved as in the case where the
applied gradation value 1s determined according to the con-
ventional look-up table 2 shown 1n FIG. 11.

Therefore, 1n the present embodiment, gradation values
that are similar to each other in terms of the tendencies of their
respective differential gradation values are grouped, such that
the differential gradation values are each determined 1n accor-
dance with combinations of the group to which their respec-
tive prior gradation values belong and the group to which their
respective posterior gradation values belong. Note that the
groups of gradation values are referred to as the “gradation
sections™, and the gradation sections are specified as the
“oradation section 07, “gradation section 17, “gradation sec-
tion 27, etc. FIG. 5 1s a diagram for explaining the gradation
sections. In the present embodiment, 256 gradation values are
grouped (classified) into eight gradation sections. The group-
ing 1s performed such that prior gradation values that are
similar to each other 1n terms of the tendencies of their respec-
tive differential gradation values are included in the same
gradation section. For example, the gradation values from
“64” to “1277” are included 1n the “gradation section 3”. In
accordance with the gradation sections thus determined, the
look-up table 2 1n the present embodiment 1s generated as
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shown in FIG. 6. While the conventional look-up table 2
shown 1n FIG. 11 has stored therein the applied gradation
values corresponding to the combinations of the prior grada-
tion value and the posterior gradation value, the look-up table
2 1n the present embodiment shown in FIG. 6 has stored
therein differential gradation values as output values corre-
sponding to combinations of the gradation section including
their respective prior gradation values (hereinatter, referred to
as the “prior gradation section™) and the gradation section
including their respective posterior gradation values (herein-
alter, referred to as the “posterior gradation section”). Note
that a value indicating the gradation section 1s referred to as
the “gradation section value” (e.g., the gradation section
value for the gradation section 3 1s “37).

As described above, the look-up table 2 in the present
embodiment has stored therein the differential gradation val-
ues corresponding to combinations of values for the prior
gradation sections (prior gradation section values) and values
for the posterior gradation sections (posterior gradation sec-
tion values). Accordingly, the gradation section value has to
be acquired 1n accordance with a gradation value indicated by
externally transmitted image data DAT. Therefore, in the
present embodiment, a table (threshold table) as shown in
FIG. 7 1s held 1in which the gradation section values are
correlated with the maximum from among their correspond-
ing gradation values. This enables acquisition of a gradation
section value for a pixel in accordance with the gradation
value of the pixel. For example, when the gradation value of
the pixel 1s “100”, the gradation section value for the pixel 1s
“3” Note that as described above, the threshold table 3 1s
stored 1n the nonvolatile memory 20 within the display con-
trol circuit 200 shown 1n FIG. 2.

<4. Frame Memory>

Referring to FIG. 8, the frame memory 21 1n the present
embodiment will be described next. FIG. 8 1s a diagram
schematically illustrating data stored in the frame memory
21. Data stored in the conventional frame memory 21 1is
shown 1n FIG. 8A, while data stored 1n the frame memory 21
in the present embodiment 1s shown 1n FIG. 8B. In FIGS. 8A
and 8B, numerical values shown in the leftmost column
denote rows of the scanning signal lines (e.g., the scanning
signal line in the first row 1s denoted by “1”, the scanning
signal line 1n the second row 1s denoted by “2”, . . ., and the
scanning signal line 1n the m’th row 1s denoted by “m™) while
numerical values shown 1n the uppermost row denote col-
umns of the video signal lines (the video signal line in the first
column 1s denoted by 17, the video signal line 1n the second
column 1s denoted by “27, . . ., and the video signal line 1n the
n’th column 1s denoted by “n”). In addition, numerical values
shown at intersections between the rows and columns 1ndi-
cate data for their corresponding pixels.

The conventional frame memory 21 has stored therein the
gradation values as data concerning pixels. Specifically, the
conventional frame memory 21 has stored therein any value
from “07to *“255” for each of (mxn) pixels. On the other hand,
in the present embodiment, the differential gradation value 1s
determined 1n accordance with a combination of the prior
gradation section value and the posterior gradation section
value, and therefore the prior gradation section value has to be
held for each pixel. Accordingly, in the present embodiment,
the prior gradation section value for each pixel 1s stored 1n the
frame memory 21. Therefore, as shown in FIG. 8B, the frame
memory 21 1n the present embodiment has stored therein any
value from “0” to *7” for each of (mxn) pixels.

<5. Drive Method>

Referring to FIG. 9, the procedure of a process performed
in the display control circuit 200 for outputting a digital video
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signal DV 1n accordance with externally inputted image data
DAT will be described next. FIG. 9 1s a flowchart illustrating
the procedure 1n the display control circuit 200, from 1nput-
ting of image data DAT for a pixel to outputting of a digital
video signal DV based on the image data DAT. Note that a
pixel targeted for processing i1s referred to as the “target
pixel”.

First, the control circuit 22 receives externally inputted
image data DAT (step S10). The image data DAT indicates a
gradation value (posterior gradation value) for the target pixel
in the current frame. That 1s, the 1image data DAT has a value
from “0” to “255”. After the acquisition of the image data
DAT, a gradation section value (posterior gradation section
value) for the target pixel in the current frame 1s obtained in
accordance with the image data DAT and the threshold table
3 stored in the nonvolatile memory 20 (step S12). For
example, 1n the case where the threshold table 3 as shown 1n
FIG. 7 1s stored 1n the nonvolatile memory 20, when the
gradation value indicated by the image data DAT 1s *“507, the
posterior gradation section value 1s “27.

After the posterior gradation section value 1s obtained, the
gradation section value (prior gradation section value) for the
target pixel i the last frame 1s obtained from the frame
memory 21 (step S14). Thereatter, the posterior gradation
section value for the target pixel 1s written into the frame
memory 21 (step S16). Specifically, as a result of steps S14
and S16, data for the target pixel stored in the frame memory
21 1s altered from the prior gradation section value to the
posterior gradation section value.

After step S16 1s completed, the procedure advances to step
S18, where a differential gradation value 1s obtained 1n accor-
dance with a combination of the posterior gradation section
value obtained at step S12 and the prior gradation section
value obtained at step S14, with reference to the look-up table
2 stored 1n the nonvolatile memory 20. Thereatter, an applied
gradation value 1s calculated 1n accordance with the differen-
tial gradation value (step S20). Specifically, the display data
calculation circuit 23 calculates the applied gradation value
by adding the differential gradation value to the posterior
gradation value. Thereafter, the display data calculation cir-
cuit 23 outputs a digital video signal DV 1n accordance with
the applied gradation value (step S22).

<6. BElfects>

As described above, according to the present embodiment,
the look-up table 2 has stored therein the differential grada-
tion values corresponding to combinations of their respective
prior gradation section values and posterior gradation section
values. The prior gradation section values and the posterior
gradation section values indicate gradation sections into
which gradation values are grouped in accordance with pre-
determined thresholds. On the other hand, the conventional
look-up table 2 has stored therein the applied gradation values
corresponding to combinations of their respective prior gra-
dation values and posterior gradation values. Accordingly, the
quantity of data that 1s to be stored in the look-up table 2 for
the purpose of overshoot drive can be reduced compared to
the quantity stored conventionally. Therefore, 1t 1s possible to
reduce the capacity of the nonvolatile memory 20 for storing
the look-up table 2 compared to the capacity required con-
ventionally.

In addition, according to the present embodiment, the
frame memory 21 has stored therein the prior gradation sec-
tion value for each pixel. On the other hand, the conventional
frame memory 21 has stored therein the prior gradation value
for each pixel. As described above, the gradation sections are
groups 1to which the gradation values are classified, and
therefore the number of bits 1n data required for representing
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the gradation section value 1s smaller than the number of bits
in data required for representing the gradation value. Thus,
the capacity of the frame memory 21 required for the over-
shoot drive can be reduced compared to the capacity required
conventionally.

The reduction of the memory capacity will be concretely
described below. Consider now an exemplary liquid crystal
display device for 256-gradation display, 1n which the num-
ber of scanning signal lines 1s 480, and the number of video
signal lines 1s 640. Since this liquid crystal display device
provides 256 gradations, there are 65,536 (=256x256) com-
binations of the prior gradation values and the posterior gra-
dation values. Accordingly, 65,536 applied gradation values
are stored 1n the conventional look-up table 2. On the other
hand, 1n the case where 256 gradations are grouped 1nto eight
gradation sections as 1n the present embodiment, only 64
(8x8) differential gradation values are stored in the look-up
table 2. As such, the quantity of data stored 1n the look-up
table 2 can be significantly reduced compared to the quantity
stored conventionally.

In addition, since the number of scanming signal lines 1s
480, and the number of video signal lines 1s 640, the number
of pixels m the liqmd crystal display device 1s 307,200
(=480x640). The prior gradation value 1s stored 1n the con-
ventional frame memory 21 for each pixel, and therefore the
number of bits in data required for representing each of the
256 gradations 1s eight. Accordingly, in order to store the prior
gradation values for 307,200 pixels, memory for 2,457,600
(307,200x8) bits 1s required. On the other hand, the prior
gradation section value 1s stored 1n the frame memory 21 1n
the present embodiment for each pixel, but the number of bits
in data required for representing each of the eight gradation
section values 1s three. Accordingly, 1n order to store the prior
gradation section values for 307,200 pixels, memory for only
921,600 (307,200x3) bits 1s required. As such, the capacity of
the frame memory 21 required for the overshoot drive can be
reduced compared to the capacity required conventionally.

In this manner, according to the present embodiment, the
quantity of data stored 1n the look-up table 2 and the amount
ol data stored 1n the frame memory 21 are reduced compared
to those required conventionally. Accordingly, the memory
capacity required by the liqud crystal display device for the
overshoot drive can be significantly reduced compared to that
required conventionally. In addition, the reduction of the
memory capacity enables more compact devices than con-
ventional devices. Furthermore, 1t 1s possible to perform over-
shoot drive to achieve effects substantially the same as those
achieved conventionally. Thus, 1t 1s possible to realize com-
pact portable terminal devices capable of suppressing moving,
images from being displayed 1n low quality.

<7. Variant, Etc.>

Next, a variant of the above embodiment will be described.
FIG. 10 1s a diagram schematically 1llustrating the contents of
a look-up table 2 1n a vaniant of the above embodiment.
According to this variant, the differential gradation value 1s
obtained 1n accordance with a combination of the prior gra-
dation section value and the posterior gradation value. There-
fore, as compared to the above embodiment, the effect of
reducing the memory capacity required for the look-up table
2 1s reduced, but 1t 1s possible to finely set the differential
gradation values, making 1t possible to perform overshoot
drive that 1s more suitably adapted to response characteristics
of the liquid crystals. In addition, 1t 1s possible to eliminate the
need to obtain the posterior gradation section value 1n accor-
dance with the posterior gradation value.

Also, 1n the above embodiment, the nonvolatile memory 20
and the frame memory 21 are provided in the display control
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circuit 200, but the present invention 1s not limited to this, and
the nonvolatile memory 20 and the frame memory 21 may be
provided 1n the source driver 300. In such a case, the display
data calculation circuit 23 1s also provided in the source driver
300, and a signal indicating the gradation value for each pixel
in the current frame 1s sent from the display control circuit
200 to the source driver 300. Thereafter, the applied gradation
value 1s calculated in the source driver 300, and a drive video
signal 1s outputted to each of the video signal lines SL1-SLn
in accordance with the applied gradation value.
Furthermore, 1n the above embodiment, the gradation val-
ues are classified into eight gradation sections, but the present
invention 1s not limited to this. Any number of gradation
sections may be used so long as the gradation values 1n each
gradation section are similar to each other 1n terms of their
tendencies regarding the differential gradation value.
The invention claimed 1s:
1. A display device comprising:
a display unit to display an image with a plurality of gra-
dations;
a plurality of video signal lines to display the image on the
display unait;
an applied gradation value determination unit to determine
an applied gradation value to generate a video signal that
1s to be applied to the video signal lines, the applied
gradation value being determined 1n accordance with an
externally inputted first 1image signal, and a second
image signal externally inputted one frame period pre-
vious to the first image signal, the one frame period
being a period of time in which one screen 1mage 1s
displayed;
an applied gradation value determination table to store first
mput values, second input values, and output values
corresponding to combinations of the first input values
and the second mput values; and
a gradation section setting table to store a plurality of
gradation section values and a plurality of thresholds
corresponding to the plurality of gradation section val-
ues, wherein
a plurality of gradation values indicating the plurality of
gradations are stored as the first input values, and the
plurality of gradation section values, which indicate a
plurality of gradation sections determined by classi-
tying the gradation values based on the one or more
thresholds are stored as the second 1input values, each
gradation section including one or more gradation
values,
the plurality of gradation values are classified into the
plurality of gradation sections based on the gradation
section setting table, and
the applied gradation value determination unit,
determines which one of the gradation sections
includes the gradation value for each gradation
value based on the gradation section setting
table,
obtains output values corresponding to a combina-
tion of the gradation values as the first input
values and the gradation section values as the
second mput values 1n accordance with the
applied gradation value determination table, the
first input values corresponding to the first image
signal, the second input values indicating grada-
tion sections 1 which gradation values corre-
sponding to the second image signal are
included, and
determines the applied gradation values 1n accor-
dance with the output values;
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wherein overshoot differential gradation values corre- a frame data storage unit to store data corresponding to the
sponding to the gradation values within each gradation one screen 1mage, the stored data being gradation sec-
section are similar. tion values associated with the one screen image,

2. The display device according to claim 1, wherein wherein

the plurality of gradation section values, mstead of the 5 the applied gradation value determination unit, when deter-
plurality of gradation values, are stored in the applied mining the applied gradation value, obtains a gradation
gradation value determination table as the first input section value as the second mnput value from the frame
Value§j | o _ _ data storage unit, and

the applied gradation value determination unit obtains out- the frame data storage unit stores a gradation section value
put values corresponding to a combination of the grada- indicating a gradation section in which a gradation value
tion section values as the first input values, the first input corresponding to the first image signal is included.
values 1ndicating gl:adation sections ip which gradation 4. The display device according to claim 1, wherein the
’f.falues corresponding to the first image signal are applied gradation value determination table and the gradation
1110111(.1‘3d: | o _ o section setting table are stored 1n a nonvolatile memory.

the applied gradation value determination unitobtains the |5 5 The display device according to claim 1, wherein the
gradatl@{l section Valutas a5 th? second IPPUt Valges, t—?e applied gradation value determination unit calculates the
secpnd 1nput.values indicating gra@atlon sections 1n applied gradation value by adding the output value to the
Wthh r adation ‘Values corresponding to tl}e second gradation value corresponding to the first image signal.
image signal are included, based on the applied grada- 6. The display device according to claim 1, wherein at least

il

tion value determination table, and
the applied gradation value determination unit determines
the applied gradation values based on the output values.
3. The display device according to claim 1, further com-
prising;: I

‘erent number of the

20 two ofthe gradation sections include a di
gradation values.
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